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 Abstract:  An estimated dynamic general equilibrium model which features 
imperfectly competitive households, sticky nominal wages and costly labor input 
adjustment is shown to be consistent with several stylized aspects of U.S. postwar 
business cycle dynamics including the positive serial correlation of output, 
consumption, investment and employment growth over short horizons and the 
persistent, hump-shaped response of output to innovations in the temporary 
component. 
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One very active area of research in the recent macroeconomic literature has been to identify en-
dogenous propagation mechanisms that can account for the dynamics of U.S. postwar business
cycles. King, Plosser and Rebelo (1988) were the ﬁrst to demonstrate that the standard neoclas-
sical growth model fails to reproduce the positive serial correlation of output, investment and em-
ployment growth over short horizons. Since then, several researchers, including Watson (1993),
Cogley and Nason (1995) and Rotemberg and Woodford (1996), have offered additional evidence
corroborating that real business cycle (RBC) models cannot explain the dynamics of postwar busi-
ness cycles via their endogenous structure. Cogley and Nason (1995) in particular ﬁnd that a large
class of RBC models, including models with capital adjustment costs, gestation lags, indivisible
labor, labor adjustment costs and labor hoarding, cannot simultaneously account for the positive
serial correlation of U.S. output growth over short horizons and the signiﬁcant hump-shaped im-
pulse response function of output to innovations in the temporary component obtained from a
Blanchard and Quah (1989) vector autoregression (VAR). Schmitt-Groh´ e (2000) reaches a similar
conclusion using a two-sector endogenous business cycle model with indeterminacy arising from
sector-speciﬁc external increasing returns to scale. She argues that any model featuring production
technologies with increasing returns to scale or some industries with market power will also fail to
explain the dynamics of output.
The present paper explores the relationship between labor market frictions and the dynamics
of U.S. postwar business cycles. The idea that the main features of business cycles may be related
to particular aspects of the behavior of the labor market is a recurrent theme in macroeconomics.
For instance, in their studies of economic ﬂuctuations during the interwar period, Eichengreen and
Sachs (1985) and Bernanke and Carey (1996) provide compelling evidence showing that slowly-
adjusting nominal wages have been central to the propagation of monetary shocks, especially dur-
ing the Great Depression. In a related study, Bordo, Erceg and Evans (2000) ﬁnd that sticky
2nominal wages and costly labor input adjustment have accounted for most of the effects of mon-
etary shocks on output and employment from 1929:4 to 1936:4. The apparent success of models
which rely on labor market frictions to account for episodes such as the interwar period naturally
leads one to ask whether the dynamics of postwar business cycles could also have their origins
in the labor market. The evidence presented in this paper provides an afﬁrmative answer to this
question.
Our model is similar in spirit to the one used by Bordo, Erceg and Evans (2000) in their study
of the Great Depression. It features both sticky nominal wages and costly labor input adjustment.
However, despite some similarities, our approach differs from theirs in several respects. First,
whereas Bordo, Erceg and Evans (2000) assume a wage setting rule ` a la Taylor (1979) without
explicitly laying out its microfoundations, we introduce endogenous wage setting through the as-
sumption of monopolistic competition among suppliers of differentiated types of labor. The wage
for each type of labor is set by the monopoly supplier of that type, who then stands ready to supply
as many hours of work as are demanded by the ﬁrms at that wage. In our framework, nominal
wages are changed at stochastic intervals, when a random signal allows households to reoptimize
as inCalvo (1983). Second, whilethere are onlymonetaryshocksin themodelof Bordo, Ercegand
Evans (2000), we assume an economy subject both to monetary and technology shocks. This al-
lowsusto compare, as inCogleyandNason(1995)and Schmitt-Groh´ e(2000), theimpulsereponse
functions of output implied by our model and by a Blanchard and Quah (1989) VAR. Our model,
unlike the various incarnations of the RBC model, is able to generate a persistent, hump-shaped
impulse response function to a non-technology shock.1 Third, and perhaps more signiﬁcantly, we
estimate rather than calibrate the structural parameters of our model using a generalized method
of moments (GMM) procedure which exploits a rich set of statistics describing the dynamics of
1Two-shock RBC models imply a quantitatively-insigniﬁcant impulse response function of output to innovations
in the temporary component. See for example the models of Cogley and Nason (1995) and Burnside and Eichenbaum
(1996) which feature technologyand governmentconsumptionshocks, and the model of Schmitt-Groh´ e(2000) which
incorporates technology and sunspot shocks.
3postwar business cycles. This allows us to perform an econometric test of the overall ﬁt of our
model and to provide estimates of the structural parameters which are important in determining
the strength of endogenous propagation implied by our model. Among other results, our paper
presents the ﬁrst meaningful estimate using macro data of the elasticity of substitution between
differentiated labor skills; it implies that a one percent rise in the nominal wage of a speciﬁc labor
skill relative to the wage index leads to a 6.35 percent fall in the employed hours of that labor skill
relative to aggregate employment.
Our work is most closely related to recent papers by Ascari (2000) and Huang and Liu (2002).
Ascari (2000) develops a dynamic general equilibrium model with optimizing agents and Taylor’s
(1980) two-period staggered wage contracts.2 His model generates a wage setting rule which is
similar to Taylor’s contract equation, with the important difference that the parameters of his wage
rule are a function of the underlying parameters in preferences and technologies of the economy.
He calibrates the microfounded parameters and then studies whether staggered wage contracts
can generate near-random walk behavior in real GNP in response to monetary shocks as, for ex-
ample, in the models of West (1988) and Phaneuf (1990) which incorporate exogenous Taylor
wage-setting rules. He ﬁnds that near-random walk behavior of output in response to monetary
shocks is an unlikely outcome when the microfoundations are taken into account explicitly. Here,
we perform a different test. Following King, Plosser and Rebelo (1988), we study whether our
model with optimizing agents and labor market imperfections can account for the positive serial
correlation in output, consumption, investment and employment growth present in the data. Also,
following Cogley and Nason (1995) and Schmitt-Groh´ e (2000), we explore whether the impulse
responses of output to technology and monetary shocks implied by our estimated model match the
impulse response functions to permanent and transitory shocks in a Blanchard and Quah (1989)
bivariate VAR. In our framework, technology shocks are assumed to have a permanent effect on
output. Hence, monetary shocks are not required to produce near-random behavior in output as
2Unlike Ascari’s model, ours also takes into account capital accumulation.
4in Ascari (2000), although positive monetary shocks should generate a persistent, hump-shaped
increase in output to be consistent with the empirical evidence from the vector autoregression.
Huang and Liu (2002) assume monopolistic competition in both the goods and the labor mar-
kets in an economy where business cycle ﬂuctuations are driven exclusively by monetary shocks.
They also assume Taylor’s (1980) staggered contracts. Their model distinguishes between the mi-
crofoundations implied by staggered price setting and those implied by staggered wage setting.
For each model, they compute a “contract multiplier” deﬁned as the ratio of the output response
after a monetary shock at the end of the initial contract duration to that in the impact period. They
ﬁnd that this multiplier is negative under the staggered price mechanism while it is positive and
relatively large under the staggered wage mechanism. Their sticky wage model, however, predicts
that the increase in output is largest immediately after the shock and that the response of output
declines monotonically following the initial increase. Thus, it is unlikely that their model would
predict a positive serial correlation in output growth as emphasized by Cogley and Nason (1995)
and Schmitt-Groh´ e (2000). Moreover, they not study the dynamics of consumption, investment
and employment growth.
Our main ﬁndings can be brieﬂy summarized as follows. First, based on a test of its overi-
dentifying restrictions, our model is far from being rejected. Second, combining sticky nominal
wages and labor adjustment costs yields a positive serial correlation of output, consumption, in-
vestment and employment growth over short horizons as found in the data. Third, our model also
produces a persistent, hump-shaped impulse response of output following a monetary shock which
is similar to the response of output to a temporary shock in a Blanchard and Quah (1989) VAR. In
contrast, a model where households change nominal wages in each period shares the difﬁculties of
standard RBC models. Fourth, we show that it is necessary to have both nominal wage rigidity and
costly labor input adjustment to successfully account for the dynamics of U.S. postwar business
cycles, just as the same combination of two ingredients helps providing a satisfactory account of
the severe downturn in economic activity that took place during the Great Depression according to
5Bordo, Erceg and Evans (2000). These ﬁndings have the important implication to suggest that a
common framework can be used to understand the nature and causes of economic ﬂuctuations (or
business cycles) during the interwar and the postwar periods.
The rest of the paper is organized as follows. Section 2 lays out the stylized facts of U.S.
postwar business cycle dynamics which will be the object of our attention throughout the paper.
Section 3 presents our dynamic general equilibrium model with labor market imperfections. Sec-
tion 4 discusses the econometric methodology used for the estimation of our model. Section 5
looks at the implications of our model for the dynamics of postwar business cycles and examines
the respectivecontributionof nominalwage rigiditiesand labor adjustmentcoststo the propagation
of shocks to the economy. Section 6 contains concluding remarks.
2 Postwar Business Cycle Dynamics
This section brieﬂy documents some stylized facts about U.S. postwar business cycle dynamics.
First, following King, Plosser and Rebelo (1988), we look at ﬁrst differenced statistics using quar-
terly data from 1960:I to 1993:IV. These are the serial correlation in growth rates of per capita
private output, per capita private consumption, per capita private investment and per capita total
hours worked.3 They are reported in Figure 1. Solid lines represent the autocorrelations from
the ﬁrst to sixth lag, while the dashed lines are 95% conﬁdence interval bands. The autocorrela-
tions are estimated by GMM and the conﬁdence intervals are computed with an estimate of the
variance-covariance matrix following the procedure proposed by Newey and West (1994). The
four variables exhibit positive serial correlation over short horizons. The autocorrelations of out-
put growth are respectively 0.4, 0.21, 0.18 and 0.08 from the ﬁrst to the fourth lag and -0.16 and
-0.03 for the ﬁfth and sixth lag. The corresponding autocorrelations are 0.33, 0.23, 0.31, 0.12 -0.01
and 0.14 for consumption growth, 0.26, 0.10, 0.01, -0.03, -0.24 and -0.22 for investment growth,
3Our emphasis on private output stems from the fact that our model will abstract from government spending and
taxation. Our choice of a sample period is constrained by the fact that the total hours worked from the Household
Survey are not available after 1993:IV.
6and 0.17, -0.01, 0.05, 0.32, -0.08 and -0.16 for employment growth. King, Plosser and Rebelo
(1988) have shown that the standard, stochastic, neoclassical growth model fails to reproduce the
positive serial correlation in the growth rates of output, investment and hours worked. Speciﬁcally,
they ﬁnd that the neoclassical model implies an autocorrelation of 0.02 at a lag of 1, 2 and 3 quar-
ters for output growth, and a negative serial correlation for the same lags both for investment and
hours worked.
Second, we consider the impulse response functions of output from an estimated vector autore-
gression which imposes long-run restrictions to identify the shocks. Blanchard and Quah (1989)
use information on output growth and the unemployment rate to identify permanent and transitory
shocks to GNP. Assuming two kinds of orthogonal shocks, they postulate that one has a perma-
nent effect on output while the other only has a temporary effect. Following Cogley and Nason
(1995), we estimate instead a bivariate VAR in the growth rate of per capita output and the dif-
ference between the log of per capita output and the log of per capita consumption. The solid
lines in Figure 2 are the dynamic responses and the dotted lines are 95% conﬁdence interval bands
which are computed by bootstrapping and by including a ﬁrst-order bias correction following the
method proposed by Killian (1998). After a permanent shock, output rises gradually, to reach a
plateau after about 15 quarters. Note, however, that compared to the long-run response, the short-
run response of output to a permanent shock is estimated very imprecisely. On the other hand,
the response of output after a transitory shock is persistent and hump-shaped and displays a peak
around the fourth quarter.4
3 The Model
To explain these stylized facts, we develop a model of an economy inhabited by a continuum of
monopolisticallycompetitive households indexed on the unit interval, a perfectly competitive ﬁrm,
4Blanchard (1989), Gali (1992) and Gamber and Joutz (1993) obtain similar impulse responses of output to a
supply (or permanent) shock and to an aggregate demand (or transitory) shock using vector autoregression systems
that include more than two variables.
7and a monetary authority. Moneyis introducedin the form of a cash-in-advance constraintfaced by
households. Households reoptimize nominal wages at stochastic intervals and supply the quantity
of labor demanded by the ﬁrm at the given wage rate.5 The representative ﬁrm rents capital and
laborservices from thehouseholdsand maximizesthe presentvalueof proﬁts. Varyingthequantity
of labor is costly to the ﬁrm.
3.1 Households and Wage Setting
Each household is endowed with a speciﬁc type of labor skill
￿
. Aggregate labor supply,
￿
￿
￿ , is a





























































denotes hours worked by household
￿
















































































































Equation (3.2) says that the demand for labor skill
￿
relative to the labor index is a decreasing
function of its relative wage.
5Sticky wage models are sometimes criticized for implying that real wages are countercyclical (McCallum, 1986).
Unconditional postwar correlations suggest that real wages are either acyclical or weakly procyclical. B´ enassy (1995)
shows that sticky wage models can account for this unconditional correlation if the economy is subject both to mon-
etary and technology shocks. The evidence based on conditional correlations is mixed. Christiano, Eichenbaum, and
Evans(CEE)(1997)presentssome evidencethat realwages declinefollowinga contractionarymonetarypolicyshock,
while Fleischman (1999) ﬁnds that real wages rise. Hence, a critical issue is that of the identiﬁcation of exogenous
monetary policy shocks. CEE identiﬁes the policy shock by imposing short-run restrictions, while Fleischman uses
long-run restrictions which are more consistent with the standard long-run assumptions of our optimization-based
model.
8The household endowed with labor skill
￿
has preferences deﬁned over two types of consump-













































































































0 ; the endowment of time per period is normalized to one, and
<
￿
is an expectations operator conditional on the information available in period
a which includes the








￿ at the beginning of the period, which is identical across households. We assume, as in
















is a credit good. Purchases of the































￿ is the aggregate price level.6 Household allocations must also satisfy a sequence of





















































































































































is the household’s holdings of capital,
t
w
































is the value of household
￿
’s claims purchased in the previous period given the
realization of the state of nature. Household expenditures on the left hand side of (3.6) include
purchases of the two consumptiongoods, gross investment, and money carried into the next period.
6The distinction between cash and credit goods is a convenient way of introducing interest-elastic money demand
into the model: see Cooley and Hansen (1995).
9Available funds include labor and capital incomes, currency carried over from the previous period,
and cash transfers from the government. Agents maximize (3.4) subject to (3.5), (3.6), and non-








































y is the depreciation rate of capital. Consumption, investment and money holdings are
identical across households since we assume complete contingent claims markets for assets. Hours
worked vary across households. Hence, for the remainder of the paper, we drop the index
￿
for all
variables except for the hours worked. The nominal wage set in period
a is denoted by
%
￿ .








, of being readjusted. Nominal
wages are set so that households maximize utility subject to their sequence of budget constraints



























































































































Once nominal wages are set, households supply labor according to the derived labor demand func-
tion in (3.2).




































7Erceg, Henderson and Levin (2000) assume that employment is subsidized in order to eliminate the distortion
caused by monopolistic competition in the labor market. They do this in order to ensure that the equilibrium with
ﬂexible wages is Pareto optimal. We are concerned with the cyclical properties of the model, which are not affected
by the existence of a constant markup ratio.
103.2 The Representative Firm
The representative ﬁrm maximizes proﬁts. Since households own the ﬁrm, proﬁts are discounted
using households’ subjective discount rate and future real proﬁts are weighted by the expected
marginal utility of consumption, which corresponds to the expected marginal utility of a unit of
















































































The lastterminthisequationrepresentsthe costassociatedwithvaryinghoursworked. These costs
are assumed to depend on the level of technology to ensure the existence of a balanced growth path
in the economy.




aggregateper capita capital stock,
u
￿ , and per capita hoursworked,
￿
￿

























The natural log of labor-augmenting technological progress
￿
￿












































￿ is an i.i.d. shock. The technology shock therefore has a permanent effect on output.
3.3 Nominal Wage Rigidity
By using a linear approximation in the neighborhood of steady state equilibrium, equation (3.8)



























































￿ , referred to as notional labor supply, is the aggregate supply of labor if nominal wages
are perfectly ﬂexible, hence satisfying equation (3.9); the tildes denote proportional deviations of










































































Equation (3.13) is similar to the wage contract equation in Taylor (1980), except that in the present
context the parameters of the wage setting rule have a structural interpretation. The average dura-











. As in Taylor’s formulation, a key parameter is
￿
. Lower values of
￿
imply
more persistence. The value of
￿


























With complete asset markets, the households that reoptimize nominal wages in period
a choose
the same wage. The wage index
(































￿ in (3.13) contains a backward-looking component via
￿
(
￿ . Therefore, shocks are
passed on from one contract to another, a channel which in Taylor’s terminology is referred to as
the contract multiplier. Lagging equation (3.14) by one period, multiplying by
￿
and subtracting


























The dynamics of the contract wage and the wage index are therefore captured by two ﬁrst-order
difference equations.
123.4 The Monetary Authority























￿ is the per capita money stock.
Following Ireland (1997) and Gal´ ı (1999), we assume that the growth rate of money supply is
generated by an autoregressive process and that it can possibly be adjusted in response to technol-





















































































0 determines the persistence of money growth,
'
§ is the unconditional average
money growth rate, and
«
￿
￿ is a white noise shock to the money supply growth process. The param-
eter





\ , (3.17) reduces to a purely autoregressive process. Given the change in the money stock,
transfers are determined endogenously in order to satisfy the government’s budget constraint.
3.5 General Equilibrium and Model Solution
The deﬁnition of equilibrium is standard. Both the representative ﬁrm and the monopolistically
competitive households solve their optimization problems subject to the constraints they face.
Their decision rules are compatible with the corresponding aggregate decision rules. With per-
fectly ﬂexible nominal wages, employment satisﬁes both the labor demand and supply equations.
With sticky nominal wages, employment is determined by the representative ﬁrm’s labor demand.
In the deterministic steady state, employment equals its ﬂexible-wage equilibrium level.
Since the economy’s production technology follows a random walk with drift and that the rate
of growth of the money supply is stochastic, our model has two sources of nonstationarity. Real
variables are detrended by dividing them by the level of technology. To detrend nominal variables,
13we divide by the nominal money stock. Hence, the ﬁrst order conditions for the maximization
problems of the representative ﬁrm and monopolistically competitive households can be expressed
in terms of stationary variables.
To obtain the model’s deterministic steady state, we set the stochastic shocks to zero, drop
the time subscripts from the normalized variables, and then solve the resulting system of nonlinear
equationsnumerically. We linearize the equations of the model around the steady-state valuesof its
endogenous variables. As in the equationsfor the wage dynamics above, all variables are measured
as proportional deviations from their steady state values. This leads to a state-space representation
of the dynamics of the economy from which forward-looking variables can be eliminated using
techniques described by King, Plosser and Rebelo (1987) and Blanchard and Kahn (1980). The



















































￿ is a vector of state variables that includes the monetary shock and the technology shock
with the other state variables. The vector
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are functions of the structural parameters of the model. Using this space-state representation







tions (3.18) and (3.19) can be used to derive analytical expressions for the asymptotic covariance
matrices of the state and endogenous variables. In this way, we can calculate the unconditional
second moments of the model without actually simulating the exogenous processes.
144 Econometric Procedure
We estimate the structural parameters of the model with the generalized method of moments











































































¶ is a random non-negativesymmetric matrix,
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-vector of unconditional moment restrictions. As we discuss below,
mostmomentrestrictionsinvolvethedifferencebetween anunconditionalmomentpredictedbythe
model and the corresponding moment in the data, where the predicted moments are calculated for
given parameter values using the linearized version of the model summarized by equations (3.18)
and (3.19), with no need to simulate the model. An optimalweighting matrix
(
¶ is obtained as the
inverse of the variance-covariance matrix of the moment conditions evaluated at a set of ﬁrst-step
estimates, in which
(
¶ is set equal to the identity matrix. This matrix is consistently estimated
using the estimator proposed by Newey and West (1994). Heuristically, it gives more weight to
moments that are precisely estimated in the data.
This econometric method has several attractive features. First, it allows ﬂexibility in selecting
the moments that describe the business cycle. The set of moments may include unconditional
means, variances, covariances and autocovariances. Hence, more information from the data can
be used in the estimation than with some alternative methods. For example, calibration typically
involves using unconditional ﬁrst moments (long-run averages) to informally estimate the models’
structural parameters, and then making informal comparisons of second moments to evaluate their
performance. Second, our method has the advantage of relying on variables which are measured
accurately. For instance, the capital stock, which is known to be poorly measured in the data, can
be excluded from the set of moments. Other econometric methods that utilize GMM directly to
estimate the optimality or orthogonality conditions of structural models are often forced to use
data on such poorly measured variables. Third, our method allows simultaneous estimation of
15the model’s structural parameters and of the parameters of the stochastic processes generating its
forcing variables. This is done by augmenting the state transition equations (3.18) with equations
that deﬁne these stochastic processes. Estimates of the forcing variable processes can be obtained
even if they are not directly observable, and without having to simulate the model. This procedure
is similar to the one proposed by Bansal, Gallant, Hussey and Tauchen (1995), but differs from
many other simulated method of moments techniques in which the laws of motion of the forcing
variables are ﬁxed by preliminary estimates, such as in Jonsson and Klein (1996). Finally, when
the dimension of the vector of moments (
￿
) is greater than the dimension of the vector of structural
parameters, the overidentifying restrictions implied by the model can be tested formally.
To estimate the structural parameters of the model, we use a rich set of moments which broadly
describe the main features of U.S. postwar business cycles. As emphasized by Kydland and
Prescott (1982), one subset of moments consists of the volatility of output growth measured by its
standard deviation in percentage, and of the relative standard deviations of consumption growth,
investment growth, and employment growth. Since our model incorporates monetary shocks, we
also include the relative standard deviations of inﬂation and of nominal wage growth. A second
subset of moments includes comovements between variables; these are the contemporaneous cor-
relations between output growth on the one hand, and consumption growth, investment growth,
employment growth, inﬂation, and nominal wage growth on the other hand. A third subset of
moments which has been largely ignored in the estimation of dynamic general equilibrium models
includes the autocorrelations of output growth, employment growth and nominal wage growth at
a lag of one, two and three quarters. With this particular subset of moments, we want to put our
model to the test of generating plausible U.S. postwar business cycle dynamics. So far we have a
total of twenty unconditional moments.
We completeourestimationstrategybyaddingothermomentrestrictionswhichhelptoidentify
speciﬁc structural parameters of our model. Including the difference between the levelof per capita
hours in the data and the steady-state level of labor supply in the model allows estimating
S , the
























￿ is the steady-state level of labor supply. Using the difference between the rate of growth




































We also use the difference between the rate of growth of
b
￿
in the data and the steady-state rate
of money growth in the model in order to estimate the value of
'



























































































We impose a zero covariance between the innovations to the aggregate technology and money
supply processes. The variance of
˚
￿



































































This moment restriction is a direct consequence of the law of motion for the money supply de-
scribed in equation (3.17).
5 Estimation Results and Business Cycle Dynamics
5.1 Data




measured by private-sector expenditures on nondurable goods plus services. Private investment,
17l
n
￿ , is the sum of the purchases of consumer durables, gross private nonresidential (structures and
equipment) and residential investment. Private output,
￿
e
￿ , is private consumption plus private in-
vestment. The price level,
g




￿ , is the seasonally adjusted hours series from the Household Survey. The nominal wage,
(




M2.8 Consumption, investment, output, hours worked, and the nominal money stock are converted
to per capita terms using the civilian noninstitutional population aged 16 and over. All series have
been obtained from Citibase (the complete list of mnemonics can be found in an appendix).
5.2 Parameter Estimates











in the estimation. However, according to Taylor’s
(1999) survey, there is a consensus in the literature that the average duration of nominal wage
rigidity in the U.S. economy during the postwar period has been close to one year. In terms of








, equal to 25 percent of








, we were able to estimate
￿
and the elasticity
























by up to 40 percent.
The structural parameters of the model are estimated quite precisely. The overidentifying re-
strictions implied by the model easily pass a standard Hansen
￿ -test. Thus, we are unable to reject
the null hypothesis that the sets of unconditional moments in the model and in the data are the
same. Our estimated value for
￿
is 0.098 with a standard error of 0.0016, which is quite low. The
elasticity of substitution between types of labor skills, which is estimated at 6.35, is statistically
signiﬁcant. The labor adjustment cost parameter,
￿
, is estimated at 7.91, and based on a one-side
8We also used M1 in the estimation. The results were basically identical to those presented here. As in Ireland
(1997), we report only those with M2.




\ is rejected at the 5% level. Our estimate of
F
, the relative weight on
the cash good in total consumption, is 0.817 and is consistent with Lucas’ (1988) calculations and
with surveys of consumer transactions. The estimate of the discount rate
C is 0.996, while in many
representative consumer studies it is above unity. The estimated values of
￿ and
y are respectively
0.593 and 0.027, and hence are similar to values typically assumed in many RBC studies even
if we did not have to rely on data on labor’s share in national income to estimate
￿ , or on gross
investment and capital stock data to estimate
y . Our estimated value of
“ , which is 0.36, suggests
that the Federal Reserve has somewhat accommodated technology shocks during the postwar pe-






























indicates that shocks to the rate of money growth
tend to persist. These estimates are consistent with those of Ireland (1997). Finally, the size of
the estimated standard deviation of the aggregate technology shocks,
￿
˛ = 0.009, is roughly of the
same magnitude as in the standard RBC literature.
5.3 Labor Market Frictions and Business Cycle Dynamics
We simulate the model using the estimated parameter values. For the autocorrelation functions of
the model’s endogenous variables, we calculate the analytical solution to the asymptotic variance-
covariance matrix using equations (3.18) and (3.19). For calculating impulse response functions,
we equate the model’s technology shock to the permanent shock in the data and the shock to
money supply growth as the transitory shock. Figure 3 compares the autocorrelations of output,
consumption, investment and employment growth in two models: one, labeled SW, features sticky
nominal wages and costly labor input adjustment, while the other, labeled FW, features perfectly




\ ) and labor adjustment costs. The FW model generates a weak,
positiveserial correlationof outputand consumptiongrowthand a weak, negativeserial correlation
of investment and employment growth. Hence, the FW model suffers from the same kind of
problems as standard RBC models: it embodies weak endogenous propagation mechanisms and
19does not generate interesting dynamics via its internal structure. These ﬁndings are not surprising
since in the FW model monetary shocks have real effects only through the inﬂation tax effect such
as in the model of Cooley and Hansen (1989). It is well known that the nonneutralities produced
by the inﬂation tax are small. Hence, the FW model behaves very much like an RBC model.
In contrast, the SW model delivers autocorrelations which are quite similar to those found in the
data. In particular, the autocorrelations of output growth at lags of 1, 2, 4, 5 and 6 quarters lie
inside the conﬁdence interval bands; the autocorrelation is about 0.3 for the ﬁrst lag and 0.1 for
the second lag. The autocorrelations of consumption and investment growth all fall inside the
conﬁdence interval bands. The SW model does particularly well in accounting for the positive
serial correlation of investment growth, with the autocorrelations at lags of 1 and 2 quarters being
0.22 and 0.05 in the model compared to 0.26 and 0.1 in the data. It is interesting to note that
Carlstrom and Fuerst (1998) also obtain plausible investment dynamics through the assumption of
endogenous agency costs while in our model the positive serial correlation of investment growth is
an outcome of sticky nominal wages. The model also generates interesting dynamics in the growth
rate of hours worked, although the aucorrelation at a lag of one quarter is somewhat higher than the
actual one. Thus, the combination of nominal wage stickiness and costly labor input adjustment
produces rich and plausible business cycle dynamics, comparable to those in postwar U.S. data.
Figure 4 compares the dynamic response of output, consumption,investmentand hours worked
to a technology shock in the FW and SW models. These are the responses to a positive, one-
standard deviation shock to technology. Compared to the FW model, the SW model yields a hump-
shaped response of output, investment and hours worked following a positive technology shock.
The short-runresponseofoutputtoa technologyshockproduced bythe SW modeldiffersfrom that
of the vector autoregression, but for the most part, the output response generated by the model is
well within the 95% conﬁdence interval bands. The hump-shaped response of investment implied
by our model is very similar to that of the agency-cost model of Carlstrom and Fuerst (1998). The
rise in hours worked following a positive technology is consistent with the VAR evidence reported
20by Christiano, Eichenbaum and Vigfusson (2002) but not with the evidence presented by Gal´ ı
(1999) who ﬁnds a decline in hours worked. Christiano, Eichenbaum and Vigfusson (2002) obtain
an increase in hours worked by assuming that per capita hours worked is stationary in the VAR, in
contrast to Gal´ ı (1999) who assumes that hours are difference stationary, and argue in favour of
their speciﬁcation on the basis of formal statistical tests.9
Figure 5 presents the impulse responses to a monetary shock which is measured by a positive,
one-standard deviation to the growth rate of money supply. Monetary shocks virtually have no
effect on output, hours worked and investment in the FW model. In contrast, if nominal wages
are sticky, monetary shocks have a persistent, hump-shaped impact on output, hours worked and
investment. In particular, the model does remarkably well in explaining the hump-shaped response
of outputto a monetaryshock, with the model’sresponse falling inside the 95% conﬁdence interval
around the VAR response along its entire path.
5.4 Sensitivity Analysis
We now want to examine the separate roles of staggered contracts and labor adjustment costs in







. In each case, other parameters are kept at their estimated values. Figure
6 displays the response of output to technology and monetary shocks, and the autocorrelations
of output growth if nominal wages are perfectly ﬂexible (
￿
￿
\ ). The labor adjustment cost
parameter is successively set equal to 0, 10 and 20. According to the ﬁrst column, increasing the
labor adjustment cost parameter attenuates somewhat the impact effect of a technology shock on
output but has no effect on the response of output to a monetary shock. As a result of the smaller
impact effect of a technology shock on output, the growth rate of output exhibits weak positive
serial correlation over short horizons as
￿
increases. This can be seen in the third column. With
9InGal´ ı’s (1999)model,thedeclineinhoursworkedresults fromstickynominalpricesanda weakaccommodation




\ , the autocovariance generating function of output growth is close to a white noise process,
while setting
￿
as high as 20 yields autocorrelations at lags of one and two quarters of about 0.09
and 0.06 compared to 0.40 and 0.21 in the data. Thus, labor adjustment costs alone are not a
plausible source of business cycle dynamics.
Figure 7 studies the sensitivity of our results to changes in the average duration of nominal





\ ). We assume that
￿
, the probability that nominal wages are not readjusted in each period,
is successively equal to 0.5, 0.75 and 0.875 which implies that, on average, nominal wages are
sticky during two, four and eigth quarters, respectively. The ﬁrst column reveals that increasing
￿
magniﬁes the impact effect of a technology shock on output. Moreover, as
￿
increases from 0.5











response of output lies outside the 95% conﬁdence interval bands over the ﬁrst twenty quarters.
According to the second column, increasing
￿
also magniﬁes the effect of a monetary shock on









, the response of output is too small and does not persist compared to the










, the output response is








, theimpacteffectof outputafter amonetaryshockalsoexceedstheupper95%conﬁdence








, the autocorrelations of output growth are








, the ﬁrst two autocorrelations become positive (0.10 and










the serial correlation in output growth predicted by the model closer to the actual autocorrelation
function, although the autocorrelation at a lag of one quarter is still two standard deviations lower
than the value observed in the data. Therefore, increasing nominal wage rigidity brings the serial
correlationof outputgrowthcloser tothefacts, butonlyifone assumesan implausiblyhighaverage
duration of nominal wage ﬁxity.
22¿From equation (3.13) we know that
￿
is a key parameter. Figure 8 reports results with
￿
successively set equal to 0.098 as in the estimated model, 0.5 and 1.0. With a lower
￿
, technology
shocks have a somewhat smaller impact effect on output. The response of output to a monetary




reduces both the magnitude and persistence of















the autocorrelations of output growth at lags of one, two and three quarters are all signiﬁcantly
different from the actual ones.
6 Conclusions
Labor market imperfections have long been considered a main cause of economic ﬂuctuations,
including in major episodes such as the Great Depression. The results presented in this paper sug-
gest that the postwar period is no exception: labor market imperfections in the form of imperfectly
competitive households, nominal wage rigidities and costly labor input adjustment are capable
of producing the positive serial correlation of output, consumption, investment and employment
growth over short horizons observed in the data, and the signiﬁcant hump-shaped impulseresponse
function of outputto innovationsin the temporary componentobtained from a Blanchard and Quah
(1989) vector autoregression.
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26Appendix A: Contract Wage Dynamics































































































































































Under ﬂexible wages, all households can adjust their wage in each period. They will all choose the







is not necessary. Substituting the last two approximate


















































































The ﬁrst order condition for the choice of
%






















































































































































Forwarding this equation by one period, taking conditional expectations, subtracting the forwarded





Appendix B: Data Sources










































￿ : output, measured as private consumption plus private investment.
￿
g
























































)),where the series in the numerator are nominal


































Consumption, investment, output, hours worked, and the money supply are deﬂated by total civil-






















































J-test 15.49 p-value=.21Figure 1
Actual Serial Correlation of Output, Consumption, Investment and Employment Growth
























The long-dashed lines indicate the estimated autocorrelations and the dotted lines indicate
95% conﬁdence bands.Figure 2
Permanent and Transitory Impulse Response of Output
















The long-dashed lines indicate the estimated impulse response functions of output. The
dotted lines indicate 95% conﬁdence bands.Figure 3
Serial Correlation of Output, Consumption, Investment and Employment Growth in the Flexible
Wage (FW) and Sticky Wage (SW) Models
























The long-dashed lines are the actual autocorrelations. The dashed-dottedlines and the solid
lines are the autocorrelationspredicted by the SW and FW models, respectively. The dotted
lines are 95% conﬁdence bands.Figure 4
Impulse Response of Output, Consumption, Investment and Employment to a Technology Shock
in the FW and SW Models































The long-dashed lines are the estimated impulse response functions. The dashed-dotted
lines and the solid lines are the impulse response functions predicted by the SW and FW
models, respectively. The dotted lines are 95% conﬁdence bands.Figure 5
Impulse Response of Output, Consumption, Investment and Employment to a Monetary Shock in
the FW and SW Models





































The long-dashed lines are the estimated impulse response functions. The dashed-dotted
lines and the solid lines are the impulse response functions predicted by the SW and FW
models, respectively. The dotted lines are 95% conﬁdence bands.Figure 6
Business Cycle Dynamics with Costly Labor Adjustment Only
Permanent Impulse Transitory Impulse AFC for




















































The long-dashed lines are the estimated impulse response functions and autocorrelations.
The solid lines are the impulse response functions and autocorrelations predicted by the
model. The dotted lines are 95% conﬁdence bands.Figure 7
Business Cycle Dynamics with Sticky Nominal Wages Only
Permanent Impulse Transitory Impulse AFC for




















































The long-dashed lines are the estimated impulse response functions and autocorrelations.
The solid lines are the impulse response functions and autocorrelations predicted by the
model. The dotted lines are 95% conﬁdence bands.Figure 8
Sensitivity to Gamma Parameter
Permanent Impulse Transitory Impulse AFC for




















































The long-dashed lines indicate the estimated impulse response functions and autocorrela-
tions. The solid lines are the impulse response functions and autocorrelations predicted by
the model. The dotted lines are 95% conﬁdence bands.